low cost and easy to implement. First, the transducer structure, the principles of operation and preliminary experimental results in a transmissive scheme are presented. Then the transducer in a retroreflective scheme is evaluated. Finally, a prospective of use in quasidistnbuted measurements employing automated and optimised OTDR techniques is done.
II.-TRANSDUCER DESCRIPTION. PRINCIPLES Fig. 1 shows the transducer structure and principle of operation in which the fibre is stripped of its cladding along a certain length and the stripped section is further bent into a U shape. A retroreflecting material3 is placed opposite to the bend. This material is composed of glass microspheres (3M) that reflect the incident optical radiation in a direction that goes parallel to the incident one. Therefore, by introducing between the bent fibre and the retroreflector an external optical medium with a refractive index nm depending ofthe measurand, the light can be extracted from the core to the external medium, and then retroreflected into the fibre core, even if the retroreflector is not perpendicular to the incident light. The very low lateral offset between incident and retroreflected rays, due to the very small diameter of the glass microspheres, allows the light to be launched back into the fibre core. Since the critical angle is given by sin'(njn0), assuming n and n are the refractive indices of the fibre core and the surrounding material, respectively, the light output from the fibre and after launched back into the fiber core is a function of m.
ifi.-TRANSMISSWE TRANSDUCER: EXPERIMENTAL RESULTS Transmissive transducer without retroreflection was previouly studied4, and following that analysis the transmissive transducer was simulated, constructed and experimentaly evaluated. In order to verify its performance in the retroreflective scheme, a transducer using a material with temperature index splicer, by means of controlling the stress applied to the fibre and the electric arc lapse time. The fiber cladding was removed and covered with silicone and its performance was verified in transmission. The experimental set-up is shown in Fig. 2 . The Anritsu MG9002A laser diode launched the light at 820 nm into the transducer placed inside a climatic chamber HIGROS-15.
The output light was measured with a HP8153A power meter. The set up equipment was fully IV.-TRANSDUCER THEORETICAL ANALYSIS IN RETROREFLECTWE SCHEME. Because multimode fibres are to be used for the transducer fabrication, we can analyse their characteristics using geometric optics methods. For simplicity, the transducer is assumed to have an ideal U shape, to consist of a fibre that is bent into a semicircle stripped of its cladding. The light retroreflected by the sensor head, i.e., the ratio of the retroreflected to the input light, can be obtained by tracing ray paths and calculating the reflectivities at reflection points in the transducer. It was assumed that most of the optical power of each ray is lost in the first point of intersection with the bend, Pi, the reflectivity of the retroreflector is considered to be unity, and the optical media are homogeneous and lossless.
After being reflected on the retroreflector this power is launched into the fibre core algebraic and trigonometric operations the direction vector r1 of the first refraction (see Fig. 4 .a) is calculated as:
Where sj an n1 are the unitary vectors in the direction of the incident and the normal to the core material interface, respectively. Then, it is possible to calculate the amount of the optical power lost and it is given by the transmitance T. After been reflected by the retroreflector placed at the distance d1 from the fibre bend the optical power that comes from the core in a direction rj will be coupled again with an apposite direction r'1 = -r1 to the exit one, see Fig. 4b . The reflected light will be incident into the optical fibre, in a point near to P1 . The percentage of optical power that is coupled in the fibre core and its direction after this reflection can be calculated. In a similar way to (1) an expression for the direction vector s'1 ofthe second refraction is obtained as
Where r'j and fl'j are the incident and the normal unitary vectors to the external medium-core interface, respectively. For this new refraction, the Fresnel coefficients are used again to calculate T', obtaining the retroreflected power for each ray as iT . The scheme for ray tracing in the bend is illustrated in the Fig. 4 .a. Assuming that, from a small area dS on one endface ofthe bend, a light pencil is emitted to the direction represented in spherical coordinates (e,4). The intensity of this ray is given by dl = ir(r)i(9). where cos Xcn1/no, and n is the cladding refractive index. Thus, by summing up the light for all rays the expression for the total retroreflection coefficient ofthe transducer RR becomes
S J1r(T)10(9)dSd This retroreflection coefficient RR, has been obtained for a step-index 100/140 multimode optical fibre, with 1 .457 and a numerical aperture 0.28 as a function of different curvature radius. As it is shown in Fig. 5 , the retroreflected power increments as the refractive index of the external medium increases and approximates to the n. It is verified that for small curvature radius the losses also increase in the transducer. Therefore, an adequate selection of this external medium, this transducer can be applied in the measurement of physical parameters. Particularly, its application to temperature measurement was proved. Fig. 6 shows the variation of the retroreflected power with the temperature using silicone as external material. The same statement is applied to the changing ofRR with the bend radius. The measurement of this retroreflected light instead of the backscattered by means an OTDR is more advantageous because it introduces a figure of merit M, inversely proportional to the pulse with t and there is no trade-off between dynamic range and spatial resolution', but it presents the drawback of a worst resolution in commercial equipment. At present, we are working on the development of techniques that permit us, by means of getting and processing of the OTDR trace in a computer through the bus GPIB, automatise the measurements and improve the performance of these equipment in the monitoring of both reflective and retroreflective optical fibre sensors networks. Previous results have shown that up to 50 quasidistributed measurement points can be reached with a proper design.
V. CONCLUSION
A retroreflective intrinsic optical fibre probe with intensity modulation for the measurement of physical parameters has been designed. It is based in the bend losses of a multimode optical fibre immersed in a external medium with a refractive index dependent on the mesurand, and a retroreflector. The 
